Abstract. In this work we generalise previous results connecting (rational) Gaudin magnet models and classical separation of variables. It is shown that the connection persists for the case of linear r-matrix algebra which corresponds to the trigonometric 4 4 r-matrix (of the XXZ type). We comment also on the corresponding problem for the elliptic (XYZ) r-matrix. A prescription for obtaining integrable systems associated with multiple poles of an L-operator is given.
1. Introduction. Separation of variables for the Hamilton-Jacobi and Schr odinger equations have long been known as methods for explicit solution of these equations in appropriate circumstances. The technical requirements for this method of solution have quite fully developed in recent years (see 1{8]). In particular the relationship between the separable systems and the Gaudin magnet 4,9] integrable systems models has been established via r-matrix algebra methods, where the rmatrix corresponds to the rational or so called XXX case, 4{8]. This relationship works very clearly with separable coordinate systems on spaces of constant curvature. The question we answer here is how these notions can be extended to include the so-called trigonometric r-matrix algebra in the XXZ case. To do this let us and r(u) is a suitable 4 4 matrix of scalars solving the classical Yang-Baxter equation 10, 11] ; u being arbitrary constant is called the spectral parameter. In the case of the XXZ r-matrix algebra the non zero elements of r can be taken to be (1.2) r(u) 11 = r(u) 44 = coth(u); r(u) 23 = r(u) 32 = 1 sinh(u) : In component form, the r-matrix algebra relations are
If we now make the ansatz A(u) = coth(u)S 3 ; B(u) = (1= sinh(u))S + and C(u) = (1= sinh(u))S ? these relations imply The r-matrix algebra relations, (1.1) or (1.3), imply
i.e., that det L(u) is a generating function of the constants of the motion. In particular we have From what has been developed so far we see that separation of variables goes through for XXZ r-matrix algebras constructed in this way. In the previous article 8] for the case of spaces of constant curvature we essentially have the rational rmatrix algebra and it is possible to formulate using well de ned limiting procedures the cases of integrable systems for which some of the e i parameters are equal. What was also established previously was the construction of integrable systems given on the algebra with commutation relations .) The generating function for the constants can be derived by applying these procedures to det L(u). We will, however, adopt a di erent and more general strategy. If we leave the matrix elements of L(u) in the form (1.5) and subject the resulting expression for det L(U) 3. The XYZ Magnet. These methods can be extended to the case of elliptic or XYZ r-matrix algebras. The only di erence is that in this case a solution of the problem via separation of variables is not yet known Here the S , S 3 obey the same commutation relations as (1.4 (u)du is Jacobi's epsilon function. The same is now true as for the case of XXZ r-matrix algebras: if we subject the e 's and the S i 's to the transformations given by (2.11), then we arrive at the generating function for the constants of motion for a root structure having the signature N 1 ; N 2 ; ::::; N p . The expression for this function is where f 1 (z) = 1=sn(z), f 2 (z) = dn(z)=sn(z), and f 3 (z) = cn(z)=sn(z).
As an example, the generating function corresponding to signature 2,1 is det L(u We note that the ideas developed here also work in the case of separation of variables for spaces of constant Riemannian curvature, as developed in previous articles 6{8]. Indeed, in that case the rational r-matrix algebra is as before and the non zero elements of the r-matrix are 
